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TITLE OF THE INVENTION 

Multilayered Wiring Substrate 
BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a printed (wiring) substrate or board and, in 

particular, to a multilayered wiring substrate or board having a plurality of multilayered 
wiring layers. The invention involves a technique of improving the difference in 
propagation delay time (hereinafter also referred to simply as "delay time") between 
signals propagating along a plurality of wirings that form the respective wiring layers. 
10 Description of the Background Art 

Fig. 15 shows appearances of a conventional memory module 200P (i.e., its top 
plan view and side view). In Fig. 15, the illustration of detailed wiring is omitted. 

Referring to Fig. 15, in the memory module 200P a plurality of (nine in the 
figure) DRAMs (Dynamic Random Access Memory) 51 are mounted on a conventional 
15 multilayered wiring substrate 100P. The substrate 100P is provided with a plurality of 
external terminals 60, through which sending and/or receiving of signals and supply of 
power are performed between the DRAMs 51 and an external system or external circuit 
(not shown). 

Fig. 16 is a schematic longitudinal section of the multilayered wiring substrate 
20 100P taken along the line A-A of Fig. 15. The substrate 100P has six multilayered 
wiring layers, and wirings that form their respective wiring layers are isolated by an 
insulating material 2, such as glass epoxy material. Specifically, signal wiring groups 31 
and 32, each forming a signal wiring layer, are disposed on both surfaces (main surfaces) 
of the multilayered wiring substrate 100P, respectively. Signal wiring groups 33 and 34, 
25 each forming a signal wiring layer, and a ground wiring (layer) 35, and a power supply 
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wiring (layer) 36 are disposed inside the multilayered wiring substrate 100P. The signal 
wiring groups 31 to 34 are used for transferring, for example, an address signal relative to 
the operation of the DRAM 51. The ground wiring 35 and power supply wiring 36 are 
used for supplying a ground potential and a power supply potential to a ground terminal 
5 and a power supply terminal of the DRAM 51, respectively. 

Fig. 17 is a schematic top plan view of a signal wiring layer formed from a 
signal wiring group 31, as an example of wiring layers. As shown in Fig. 17, the signal 
wiring group 31 is composed of n strip-like signal wirings 31a to 31n which transfer, for 
example, an address signal of the DRAM 51. The signal wirings 31a to 31n are 

10 disposed in this order, so as to be parallel with one another. 

In general, the signal wirings that form the signal wiring groups 31 and 32 on 
the surface of the multilayered wiring substrate 100P, are composed of a copper foil 
having a thickness of about 20 U m, and a copper plating film that has a thickness of 
about 20 microns and is disposed on the copper foil surface. The signal wirings that 

15 form the signal wiring groups 33 and 34 in the multilayered wiring substrate 100P, are 
composed of a copper foil having a thickness of about 40 U m. The signal wirings that 
form the signal wiring groups 31 to 34 have a width of about 100 to 200 H m, and the 
wiring interval of a wiring pattern is about 100 to 200 Urn. On the other hand, the 
ground wiring 35 and power supply wiring 36 are composed of a plane copper foil having 

20 a thickness of about 40 U m. The length of the signal wirings that form the signal 
wiring groups 31 to 34 is about the same as the lateral width of the memory module 200P 
(i.e., the dimension in right-to-left direction in Fig. 15), and it is usually about ten and 
several centimeters. 

Fig. 18 is a schematic longitudinal section of the multilayered wiring substrate 
25 100P or memory module 200P taken along the line B-B of Fig. 15. As shown in Fig. 18, 
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there is formed a through hole 40 extending through in the direction of thickness of the 
multilayered wiring substrate 100P. The through hole 40 has a diameter of about 250 
IL m, and is bored by means such as a drill. A conductive layer 41 having a thickness of 
about 20 U m is formed on the inner wall or side wall 40S of the through hole 40. The 
5 conductive layer 41 is formed at the same time that the signal wiring groups 31 and 32 on 
the surface of the multilayered wiring substrate 100P are formed by copper plating. 
Referring again to Fig. 17, through holes 40ab to 40mn are interposed among the signal 
wirings 31a to 3 In. 

The through hole 40 and conductive layer 41 establish a connection between 

10 predetermined layers selected from the wiring layers formed from the signal wiring 
groups 31 to 34, the ground wiring layer 35, and the power supply wiring layer 36. For 
instance, as shown in Fig. 18, the wiring layers made by the signal wiring groups 33 and 
34, respectively, are connected to the wiring layer made by the signal wiring group 31. 
The pad of one signal wiring in the signal wiring group 31 is connected via a solder 52 to 

15 an external lead 51a of the DRAM 51. Thereby, the DRAM 51 is connected to the 
wiring layers made by the signal wiring groups 33 and 34, or to each signal wiring. 

The timing that the DRAM 51 receives an address signal SA will be described 
by referring to Fig. 19, which illustrates timing charts of a clock signal CL and address 
signal SA. The DRAM 51 receives the address signal SA at a rise (or fall) tO of the 

20 clock signal CL as a reference time. In order that the address signal SA is surely 
received and the internal circuit of the DRAM 51 is operated stably, a set up time Tl and 
hold time T2, each having a predetermined period of time, are provided before and after 
time tO. For achieving high speed and stable operation of the DRAM 51, it is preferable 
to provide a greater operation margin to the set up time Tl and to the hold time T2. 

25 When a plurality of address signals SA are transferred on different wirings, it is 



desirable that all the address signals SA propagate simultaneously on the multilayered 
wiring substrate 100P, and that the DRAM 51 receives them at the same time. By 
establishing this transfer condition, the above-mentioned margin can be set at a large 
value, and a high operational stability of the DRAM 51 is obtainable even at high speed 
5 operation. 

However, the conventional memory module 200P has the following problems 
in signal propagation. Description will now be made by taking, as an example, a wiring 
layer made by the above-mentioned signal wiring group 31. The same is true for other 
wiring layers. 

10 It is well known that when a plurality of wirings are disposed in close proximity, 

these wirings are capacitively coupled via the capacitance (or capacitor) component 
formed between the wirings. This condition will be described by referring to Fig. 20, 
which is a schematic longitudinal section of the multilayered wiring substrate 100P taken 
along the line CP-CP of Fig. 17. As shown in Fig. 20, all the signal wirings 31a to 31n 

15 can be schematically illustrated as being in a capacitive coupling in series via a 
capacitance (or capacitor) CSW between two adjacent signal wirings. 

Likewise, when the through holes 40ab to 40mn are interposed among the 
signal wirings 31a to 31n, as shown in Fig. 17, all the signal wirings 31a to 31n and all 
the through holes 40ab to 40mn (specifically, all the conductive layers 41 ab to 41mn) can 

20 be illustrated as shown in Fig. 21, which is a schematic longitudinal section taken along 
the line DP-DP of Fig. 17. That is, all the signal wirings 31a to 31n and all the 
conductive layers 41ab to 41mn are capacitively coupled in series via a capacitance (or 
capacitor) CST between one signal wiring and the conductive layer of one through hole. 

Referring again to Fig. 17, one signal wiring and one through hole are disposed 

25 on both sides of the signal wirings 31b to 31m except for the outermost signal wirings 
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31a and 3 In. Whereas one signal wiring and one through hole are disposed only on one 
side of the outermost signal wirings 31a and 31n. Specifically, as shown in Figs. 20 and 
21, two capacitance CSW or two capacitance CST are coupled to the signal wirings 31b 
to 31m, whereas only one capacitance CSW or capacitance CST is coupled to the 
5 outermost signal wirings 31a and 3 In. 

A propagation delay time per unit of length of wiring tpd is expressed by the 
following Equation (1): 

tpd=j(L-C) -(1) 

where L and C represent inductance and capacitance per unit of length of wiring, 
10 respectively. 

Since the capacitance C contains the capacitance CST or CSW as described 
above, it can be seen from Equation (1) that a delay time tpdl of the signal wiring 31a or 
31n is smaller than a delay time tpd2 of any of other signal wirings 31b to 31m. Further, 
in view of the fact that Equation (1) is a relational expression of per unit of length of 
15 wiring, it can be seen that these delay time tpdl, tpd2, and a difference therebetween A 
tpd depend on the length of wiring, and their values increase as the length of wiring 
increases. 

Referring to timing charts of Fig. 22, it can be seen that since the delay time 
tpdl is shorter than the delay time tpd2, address signals SAa and SAn that propagate 

20 along the signal wirings 31a and 31n propagate faster than address signals SAb to SAm 
that propagate along the signal wirings 31b to 31m, by the amount of time At 
(corresponding to the value obtained by multiplying a delay time difference A tpd by the 
length of a signal wiring). For obtaining a stable operation of the DRAM 51, it is 
necessary to set the operating timing of the DRAM 51 by taking into consideration a 

25 difference A t in propagation delay time among the address signals SAa to SAn. That is, 



6 

a hold time T3 to the address signal SAa and SAn is required to be shorter than a hold 
time T2 to the address signals SAb to SAm, by the amount of time At. This time 
setting will narrow each margin to the set up time and hold time, thus lowering the 
stability of the DRAM 51 at high speed operation. 
5 SUMMARY OF THE INVENTION 

According to a first aspect of the invention, a multilayered wiring substrate 
comprising: a plurality of multilayered wiring layers, at least one of the multilayered 
wiring layers containing a signal wiring group made by a plurality of signal wirings 
disposed in parallel with one another; and dummy wirings disposed outside said signal 
10 group in parallel to the signal wirings, at least one of the dummy wirings being disposed 
at each side of the signal wiring group. 

According to a second aspect, the multilayered wiring substrate of the first 
aspect further comprises: through holes formed in a stacking direction of the wiring layers 
and disposed in each clearance between the signal wirings; a dummy through hole 
15 extending in the stacking direction, disposed adjacent to the dummy wiring on the side on 
which the signal wiring group is present; and conductive layers disposed inside the 
through holes and the dummy through hole, respectively. 

According to a third aspect, the multilayered wiring substrate of the second 
aspect is characterized in that the conductive layer in the dummy through hole is 
20 electrically connected to the conductive layer in any one of the through holes. 

According to a fourth aspect, the multilayered wiring substrate of the second 
aspect is characterized in that the conductive layer in the dummy through hole is 
electrically connected to the dummy wiring. 

According to a fifth aspect, the multilayered wiring substrate of the first aspect 
25 further comprises at least one resistance having approximately the same impedance as a 
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characteristic impedance of the dummy wiring, and being electrically connected to an end 
or central part of the dummy wiring. 

According to a sixth aspect, the multilayered wiring substrate of the first aspect 
further comprises at least one terminal for connecting a terminating resistance connected 
5 electrically to an end or central part of the dummy wiring. 

In the first aspect, the line capacitance of the outermost signal wiring of the 
signal wiring group can be made equal to that of other signal wirings. Therefore, since 
the propagation velocity of signals can be made identical, the propagation delay time 
difference of the signals can be considerably reduced or eliminated. It is therefore able 
10 to operate a DRAM stably and reliably even at high speed operation, by taking, for 
example, such a construction that the multilayered wiring substrate is applied to a 
memory module and the access signal inputted to the DRAM is transferred by the 
respective signal wirings. 

In the second aspect, the effect resulting from the first aspect can be further 
15 improved by the presence of the conductive layer in the dummy through hole. 

In the third aspect, electrical influences, such as the field distribution of the 
conductive layer in the dummy through hole, can be made equal to that of the conductive 
layer in the through hole to which the conductive layer of the dummy through hole is 
electrically connected. Thereby, the electrical influence between the dummy through 
20 hole and through hole can be made equal to that of the signal wiring between other 
through holes. This more ensures the effect of the first aspect. 

In the fourth aspect, the conductive layer of the dummy through hole is not 
directly connected to the conductive layer of the through hole, unlike the multilayered 
wiring substrate of the third aspect. Therefore, when the conductive layer of the through 
25 hole is electrically connected to the signal wiring, the conductive layer of the dummy 
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through hole does not serve as load of a signal that propagates along the signal wiring. 
As a result, the effect of the first aspect is obtained reliably while suppressing an increase 
in delay of the signal and in its waveform distortion. 

In the fifth aspect, the dummy wiring is brought into an impedance matching by 
5 the resistance. When signal wirings are used in their impedance matching conditions, 
the electrical connecting condition of the dummy wiring can be made equal to that of the 
signal wirings. This more ensures the effect of the first aspect. 

In the sixth aspect, since the terminating resistance connected electrically to a 
terminal for terminating resistance is disposed outside the multilayered wiring substrate, 
10 it is easy to set or change the resistance value of the terminating resistance. Hereat, in 
the above-mentioned memory module, a further reduction in power consumption is 
attainable, as compared to the case with the multilayered wiring substrate of the fifth 
aspect. 

It is an object of the present invention to provide a multilayered wiring 
15 substrate capable of considerably reduce or eliminate the difference in propagation delay 
time between signals. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drawings. 
20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic top plan view of a wiring layer in a multilayered wiring 
substrate according to a first preferred embodiment of the invention; 

Fig. 2 is a schematic view illustrating a capacitive coupling condition of a 
plurality of wirings in the multilayered wiring substrate according to the first preferred 
25 embodiment of the invention; 
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Fig. 3 is a schematic view illustrating a capacitive coupling condition of a 
plurality of wirings and conductive layers of through holes in the multilayered wiring 
substrate according to the first preferred embodiment of the invention; 

Fig. 4 is a schematic view illustrating a dummy wiring in the multilayered 
5 wiring substrate according to the first preferred embodiment of the invention; 

Fig. 5 is a schematic longitudinal section of a multilayered wiring substrate 
according to a first modification of the first preferred embodiment; 

Fig. 6 is a schematic longitudinal section of a multilayered wiring substrate 
according to a second modification of the first preferred embodiment; 
10 Fig. 7 is a schematic top plan view of a memory module according to a second 

preferred embodiment; 

Fig. 8 is a schematic top plan view of a memory module according to a first 
modification of the second preferred embodiment; 

Fig. 9 is a schematic top plan view of a memory module according to a second 
15 modification of the second preferred embodiment; 

Fig. 10 is a schematic top plan view of other memory module according to the 
second modification of the second preferred embodiment; 

Fig. 11 is a schematic top plan view of a memory module according to a third 
modification of the second preferred embodiment; 
20 Fig. 12 is a schematic top plan view of another memory module according to 

the third modification of the second preferred embodiment; 

Fig. 13 is a schematic top plan view of a memory module according to a fourth 
modification of the second preferred embodiment; 

Fig. 14 is a schematic top plan view of another memory module according to 
25 the fourth modification of the second preferred embodiment; 
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Fig. 15 is a diagram of appearances of a memory module using a conventional 
multilayered wiring substrate; 

Fig. 16 is a schematic longitudinal section of a conventional multilayered 
wiring substrate; 

5 Fig. 17 is a schematic top plan view of a wiring layer in the conventional 

multilayered wiring substrate; 

Fig. 18 is a schematic longitudinal section of the conventional multilayered 
wiring substrate; 

Fig. 19 is a timing chart illustrating timing that a DRAM receives an address 

10 signal; 

Fig. 20 is a schematic view illustrating a capacitive coupling condition of a 
plurality of wirings in the conventional multilayered wiring substrate; 

Fig. 21 is a schematic view illustrating a capacitive coupling condition of a 
plurality of wirings and conductive layers of through holes in the conventional 
15 multilayered wiring substrate; and 

Fig. 22 is a timing chart illustrating timing that a DRAM receives a plurality of 
address signals having a propagation delay time therebetween. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First Preferred Embodiment 
20 A multilayered wiring substrate 100 according to a first preferred embodiment 

comprises a plurality of signal wiring layers, a ground wiring (layer) 35, a power supply 
wiring (layer) 36, and a plurality of through holes formed in the stacking direction of 
these wiring layers, as in the conventional multilayered substrate 100P shown in Figs. 15 
to 18. The wirings that form the respective wiring layers and signal wiring layers are 
25 isolated each other by an insulating material such as glass epoxy material (see the 
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insulating material 2 stated earlier). Description will now be made by taking, as an 
example, a signal wiring layer disposed on the surface of the multilayered wiring 
substrate 100. The same is true for other signal wiring layers. Fig. 1 is a schematic top 
plan view of the above-mentioned signal wiring layer. 

Referring to Fig. 1, the multilayered wiring substrate 100 comprises: (I) a signal 
wiring group 31 made by n signal wirings 31a to 31n disposed in parallel one another; 
and (II) dummy wirings 31Da and 31Dn disposed on the outside of the signal wiring 
group 31, namely, on the side opposite from signal wirings 31b to 31m with respect to the 
outermost signal wirings 31a and 3 In of the signal wiring layer 31, respectively. The 
dummy wirings 31Da and 31Dn extend in parallel with the signal wirings 31a to 31n. 
The dummy wirings 31 Da and 31Dn have the same shape as the signal wirings 31a to 3 In, 
and are disposed outside the signal wirings 31a and 3 In, respectively, at the same 
intervals as that in the signal wirings 31a to 3 In. 

The multilayered wiring substrate 100 further comprises: (i) through holes 40ab 
to 40mn, as previously described, which are formed in the corresponding clearance 
among the signal wirings 31a to 31n; and (ii) dummy through holes 40Da and 40Dn 
having the same shape as the through holes 40ab to 40mn, which are formed in the 
clearance between the dummy wiring 31Da and signal wiring 31a, and between the 
dummy wiring 31Dn and signal wiring 31n, respectively. As stated above, conductive 
layers 41 ab to 41mn (see Fig. 2 as will hereafter be described) are formed on the inner 
wall of the through holes 40ab to 40mn, respectively. The conductive layers 41 ab to 
41mn establish an electrical connection between predetermined wiring layers selected 
from the above-mentioned wiring layers. Conductive layer (or dummy conductive layer) 
41Da and 41Dn (see Fig. 2) which are identical with the conductive layers 41ab to 41mn 
are formed on the inner wall of the dummy through holes 40Da and 40Dn, respectively. 
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The conductive layers 41ab to 41mn, 41Da, and 41Dn may be formed so as to completely 

fill the through holes 40ab to 40mn, 40Da, and 40Dn. 

The signal wirings 31b to 31m, through holes 40ab to 40mn, and conductive 

layers 41ab to 41mn are called "normal signal wirings 31b to 31m," "normal through 
5 holes 40ab to 40mn" and "normal conductive layers 41ab to 41mn" against the dummy 

wirings 31Da and 31Dn, dummy through holes 40Da and 40Dn, and dummy conductive 

layers 41Da and 41Dn. 

Fig. 2 is a schematic longitudinal section of the multilayered wiring substrate 

100 taken along the line C-C of Fig. 1, and Fig. 3 is that taken along the line D-D of Fig. 
10 1. Referring to Fig. 2, in the vicinity of the line C-C of Fig. 1, the signal wirings 31a to 

3 In and dummy wirings 31Da and 31Dn are capacitively coupled in series via a 

capacitance CSW between two adjacent wirings. Referring to Fig. 3, in the vicinity of 

the line D-D of Fig. 1, the signal wirings 31a to 31n and the dummy wirings 31Da and 

31Dn, and the conductive layers 41ab to 41mn of the through holes 40ab to 40mn and the 
15 conductive layers 41Da and 41Dn of the dummy through holes 40Da and 40Dn, are 

capacitively coupled in series via a capacitance CST between one wiring and one 

conductive layer. 

As shown by a comparison of Figs. 2 and 3 with Figs. 20 and 21, in the 
multilayered wiring substrate 100, two capacitance CSW or CST can be coupled to the 
20 outermost signal wirings 31a and 31n of the signal wiring group 31 by the presence of the 
dummy wirings 31Da and 31Dn, as in the case of the signal wirings 31b to 31m. 
Specifically, the line capacitance of the outermost signal wirings 31a and 31n can be 
made equal to that of the signal wirings 31a to 31n. 

Thereby, the propagation velocity of all signals propagating along the signal 
25 wirings 31a to 31n, for example, address signals to be inputted to the DRAMs 51 (see 
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Figs. 15 and 18), can be made equal. Accordingly, the propagation delay time difference 
Atpd between the address signals can be considerably reduced, as compared to the 
conventional multilayered wiring substrate 100P. 

As a result, in a memory module using the multilayered wiring substrate 100 
instead of the conventional multilayered wiring substrate 100P, the set up time and the 
hold time can be set a same value respectively among all the signal wirings 31a to 31n. 
This allows the DRAM 51 to operate stably and reliably even at high speed operation. 

In view of the fact that the capacitance CSW or CST depends on the field 
distribution among wirings or among wirings and the conductive layers of through holes, 
and that the field exists in all directions from the wiring surface that is a conductor, it is 
more preferable to provide more dummy wirings 31Dal, 31Da2, ... on further outside 
from the dummy wiring 31Da (and dummy wiring 31Dn), as illustrated by the schematic 
longitudinal section in Fig. 4. Of course, these dummy wirings 31Da, 31Dal, 31Da2, ... 
have the same size as the signal wirings 31a to 31n, and are disposed at the same intervals 
as that in the signal wirings 31a to 31n. It is desirable to provide dummy through holes 
at the clearances among the dummy wirings 31Da, 31Dal, 31Da2, ... respectively, that is, 
adjacent to the dummy wirings 31Da, 31Dal, 31Da2, ... on the side of the signal wiring 
group 31, respectively. This enables to provide more uniform electrical influence, such 
as field distribution, on all the signal wirings 31a to 3 In, thus enhancing the above- 
mentioned effect of reducing the delay time difference Atpd. The number of dummy 
wirings is set based on the number of signal wirings and the shape and size of the 
multilayered wiring substrate 100. 
First Modification of F irst Preferred Embodiment 

In the case that the multilayered wiring substrate 100 includes a wiring layer 
having less number of wirings than other wiring layers and having no dummy wiring, the 
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following construction is adaptable. As shown in Fig. 5 which is a schematic 
longitudinal section of the multilayered wiring substrate 100, in the case that there is a 
signal wiring layer including an outermost signal wiring 131a under a signal wiring 31b 
and no signal wirings under a signal wiring 31a, a conductive layer 41Da of a dummy 
5 through hole 40Da may be electrically connected to a normal conductive layer 41ab by a 
connecting wiring 43. The connecting wiring 43 is preferably provided within the signal 
wiring layer including the signal wiring 131a. 

With this construction, the electrical influence such as the potential of the 
conductive layer 41Da of the dummy through hole 40Da and the field distribution can be 

10 made equal to that in the normal conductive layer 41ab. Therefore, the electrical 
influence of the signal wiring 31a disposed between the normal through hole 40ab and 
dummy through hole 40Da can be made the same as in the signal wirings disposed 
between other normal through holes. As a result, the above-mentioned propagation 
delay time difference A tpd can be more reduced. 

15 Although the foregoing description is directed to the case that the dummy 

conductive layer 41Da is connected to the adjacent normal conductive layer 41ab, the 
dummy conductive layer 41Da may be electrically connected to the conductive layer of 
other through hole that is not shown in Fig. 5. In addition, the normal conductive layer 
41ab or the like, to which the dummy conductive layer 41Da is connected, may be 

20 electrically connected to the ground wiring 35 or power supply wiring 36. 
Second Modification of First Preferred Embodiment 

In the multilayered wiring substrate 100 according to the first modification, 
there is a case that the conductive layer 41Da of the dummy through hole 40Da may act 
as load of a signal propagating along the signal wiring 131a. This might increase the 

25 delay and waveform distortion of the signal. The increased delay can be reduced or 
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eliminated by a multilayered wiring substrate 100 having the construction according to a 
second modification. Fig. 6 is a schematic longitudinal section of a multilayered wiring 
substrate 100 according to the second modification. As shown in Fig. 6, a dummy 
wiring 131Da corresponding to the dummy wiring 31Da is disposed outside a signal 
wiring 131a, and the dummy wiring 131Da and a conductive layer 41Da of a dummy 
through hole 40Da are electrically connected via a connecting wiring 44. 

With this construction, the increased delay in the signal can be suppressed 
because the dummy conductive layer 41Da is not directly connected to the normal 
conductive layer 41ab. In this case, the dummy wiring 131Da is preferably provided in 
a signal wiring layer including the signal wiring 131a. Of course, the dummy wiring 
131Da offers the above-mentioned effect of reducing the delay time difference A tpd. 

Second Preferred Embodiment 

A memory module 201 to which a multilayered wiring substrate 100 is applied 
will be described by referring to Fig. 7, which is a schematic top plan view of the memory 
module 201. To avoid confusion, only a signal wiring 31a and dummy wiring 31Da of 
the above-mentioned wirings are schematically illustrated in Fig. 7. The following 
description of the signal wiring 31a and dummy wiring 31Da is true for signal wirings 
31b to 31n and the dummy wiring 31Dn. Since the construction of the DRAM 51, etc. 
is the same as that of the conventional memory module 200P, its illustration is omitted in 
Fig. 7. The same is true for Figs. 8 to 14 as will hereafter be described. The memory 
module 201 is of the type, e.g., RIMM (Rambus Inline Memory Module), in which an 
address signal is inputted from an (external) terminal T31al of the input side of the 
module 201 and the inputted address signal is not only transferred to a DRAM but also 
outputted from an (external) terminal T31a2 on the output side. 

Referring to Fig. 7, in the memory module 201 the end part 31aTl on the input 
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side of the signal wiring 31a is electrically connected to an external circuit or a driver 
circuit 300 via the terminal T31al on the input side of the memory module 201. The 
driver circuit 300 has approximately the same output impedance value R as the 
characteristic impedance Z0 of the signal wiring 31a. The end part 31aT2 on the output 
side of the signal wiring 31a is electrically connected to the terminal T31a2 on the output 
side of the memory module 201, and the terminal T31a2 is electrically connected via a 
resistance R31a to a ground wiring 35 (see Fig. 16) for terminating. The resistance 
R31a is a terminating resistance having approximately the same impedance value as the 
characteristic impedance Z0 of the signal wiring 31a. The terminal T31a2 may be 
electrically connected via the resistance R31a to the power supply wiring 36 (see Fig. 16). 
The same is true for the following description. Thus, the signal wiring 31a transfers 
address signals in its impedance matching state at both end parts 31aTl and 31aT2 on the 
input and output sides, respectively. 

The multilayered wiring substrate 101 applied to the memory module 201 
further comprises a resistance R31Dal disposed on the above-mentioned multilayered 
wiring substrate 100. Specifically, both end parts 31DaTl and 31DaT2 on the input and 
output sides of the dummy wiring 31Da, respectively, are grounded via a resistance 
R31Dal. For the sake of convenience, the end parts on the input and output sides of the 
dummy wiring 31Da correspond to the end parts of the input and output sides of the 
signal wiring 31a, respectively. The resistance R31Dal has approximately the same 
impedance value as the characteristic impedance Z0 (being equal to that of the signal 
wiring 31a) of the dummy wiring 31Da, and the dummy wiring 31Da is in its impedance 
matching condition, at both end parts 31DaTl and 31DaT2. The resistance R31Dal is 
made by a chip resistance, and it is mounted on the surface of the multilayered wiring 
substrate 101 and connected by soldering between the dummy wiring 31Da and ground 
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wiring 35. 

Thus, in accordance with the multilayered wiring substrate 101 and memory 
module 201, the electrically connected condition of the dummy wiring 31Da can be made 
equal to that of the signal wiring 31a. This ensures the above-mentioned effect of 
5 reducing the propagation delay time difference Atpd, thereby making high speed 
operation of the DRAM 51 stable and reliable. Modifications of the multilayered wiring 
substrate 101 and memory module 201 will be described as below. The same effect is 
also obtainable with any construction of first to fourth modifications. 
First Modification of Second Preferred Embodime nt 

10 Fig. 8 is a schematic top plan view of a memory module 202 according to a first 

modification of the second preferred embodiment. As shown by comparison of Fig. 8 
with Fig. 7, in a multilayered wiring substrate 102 applied to the memory module 202, 
end parts 31DaTl and 31DaT2 on the input and output sides of a dummy wiring 31Da are 
electrically connected to a terminal (terminal for connecting terminating resistance) 

15 T31Dal on the input side and a terminal (terminal for connecting terminating resistance) 
T31Da2 on the output side of the memory module 202, respectively. The terminals 
T31Dal and T31Da2 are grounded via a terminating resistance R31Da2 provided outside 
the memory module 202. 

Thus, in the multilayered wiring substrate 102 and memory module 202, the 

20 resistance R31Da is provided outside the multilayered wiring substrate 102. It is 
therefore easy to set or change the resistance value of the resistance R31Da. At this time, 
depending on selection or setting of the resistance R31Da, a further reduction in power 
consumption is attainable as compared with the memory module 201. Of course, a 
resistance which has approximately the same impedance as the characteristic impedance 

25 Z0 previously described can be used as a resistance R31Da2. 
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Second Modification of Second Preferred Embodim ent 

Fig. 9 is a schematic top plan view of a memory module 203 according to a 
second preferred embodiment of the second preferred embodiment. The memory 
module 203 is of the type, e.g., DIMM (Double Inline Memory Module), in which an 
address signal is inputted via a terminal T31al on the input side of the module 203 from 
an end part 31aTl on the input side of a signal wiring 31a and then transferred to a 
DRAM and an end part 31aT2 on the output side of the signal wiring 31a is not 
terminated. Specifically, a comparison of Fig. 9 with Fig. 7 indicates that in the memory 
module 203 the resistance R31a is not connected to the end part 31aT2 on the output side 
of the signal wiring 31a. 

Correspondingly, in a multilayered wiring substrate 103 applied to the memory 
module 203, a terminating resistance R31Dal is electrically connected only to an end part 
31DaTl on the input side of a dummy wiring 31Da. The end parts 31aT2 on the output 
side of the dummy wiring 31Da may be terminated at a resistance R31Dal or R31Da2. 

Like a multilayered wiring substrate 104 of a memory module 204 as shown in 
Fig. 10, an end part 31DaTl on the input side of a dummy wiring 31Da may be 
electrically connected to a terminal T31Dal on the input side, and the resistance R31Da2 
may be connected to the terminal T31Dal. Again, an end part 31aT2 on the output side 
of the dummy wiring 31Da may be terminated at the resistance R31Dal or R31Da2. 
Third Modification of Second Preferred Embodiment 

Fig. 11 is a schematic top plan view of a memory module 205 according to a 
third modification of the second preferred embodiment. The memory module 205 is of 
the type, e.g., DIMM type memory module, in which an address signal is inputted from a 
central part 31aC of a signal wiring 31a and transferred to a DRAM. This type memory 
module is often used for reducing by half the propagation delay time tpd of an address 



19 

signal on the memory module. 

Referring to Fig. 11, in the memory module 205 a driver circuit 300 is 
electrically connected via an (external) terminal T31a3 to the central part 31aC of the 
signal wiring 31a in the direction of length of the signal wiring 31a. Correspondingly, in 
5 a multilayered wiring substrate 105 applied to the memory module 205, a resistance 
R31Dal is electrically connected to a central part 31DaC of the signal wiring 31Da in the 
direction of length of a dummy wiring 31Da. 

Like a multilayered wiring substrate 106 of a memory module 206 shown in Fig. 
12, the central part 31DaC of the dummy wiring 31Da may be electrically connected to a 

10 terminal (terminal for connecting terminating resistance) T31Da3, and a resistance 
R31Da2 may be electrically connected to a terminal T31Da3. 
Fourth Modification of Second Preferred Embodiment 

Fig. 13 is a schematic top plan view of a memory module 207 according to a 
fourth modification of the second preferred embodiment. As shown by comparison of 

15 Fig. 13 with Fig. 11, in the memory module 207, end parts 31aTl and 31aT2 of a signal 
wiring 31a is electrically connected to terminals T31al and T31a2 and then grounded via 
resistances R31a, respectively. Correspondingly, in a multilayered wiring substrate 107 
applied to the memory module 207, the above-mentioned resistance R31Dal is 
electrically connected to end parts 31DaTl and 31DaT2 of a dummy wiring 31Da, 

20 respectively, in addition to a central part 31DaC. 

Like a multilayered wiring substrate 108 of a memory module 208 as shown in 
Fig. 14, end parts 31DaTl and 31DaT2 and a central part 31DaC of a dummy wiring 
31Da may be electrically connected to terminals T31Dal, T31Da2 and T31Da3, 
respectively, and the resistance R31Da2 may be electrically connected to the terminal 

25 T31Dal, T31Da2 and T31Da3, respectively. 
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In the foregoing first to fourth modifications, when two or more of resistance 
R31Dal or R31Da2 are electrically connected to a dummy wiring 31Da, any connecting 
conditions in various combinations are adaptable. For example, the end part 31DaTl is 
electrically connected to the resistance R31Dal, and the end part 31DaT2 is electrically 
5 connected via the terminal T31Da2 to the resistance R31Da2. 

Furthermore, a variable resistance may be used as resistances R31Dal, R31Da2 
and R31Da3. The resistances R31Dal, R31Da2 and R31Da3 may be electrically 
connected to a ground wiring or power supply wiring of the memory modules 201 to 208. 
Of course, the signal wirings 31a to 31n are adaptable as a variety of data input/output 
10 lines for transferring signals other than address signals. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
of the invention. 
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WHAT IS CLAIMED IS: 



1. A multilayered wiring substrate, comprising: 

a plurality of multilayered wiring layers, at least one of said multilayered wiring 
5 layers containing a signal wiring group made by a plurality of signal wirings disposed in 
parallel with one another; and 

dummy wirings disposed outside said signal wiring group in parallel to said 
signal wirings, at least one of said dummy wirings being disposed at each side of said 
signal wiring group. 

10 

2. The multilayered wiring substrate according to claim 1, further comprising: 
through holes formed in a stacking direction of said wiring layers and disposed 

in each clearance between said signal wirings; 

a dummy through hole extending in said stacking direction, disposed adjacent 
15 to said dummy wiring on the side on which said signal wiring group is present; and 

conductive layers disposed inside said through holes and said dummy through 
hole, respectively. 



3. The multilayered wiring substrate according to claim 2 wherein 
20 said conductive layer in said dummy through hole is electrically connected to 

said conductive layer in any one of said through holes. 



4. The multilayered wiring substrate according to claim 2 wherein 
said conductive layer in said dummy through hole is electrically connected to 
25 said dummy wiring. 
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5. The multilayered wiring substrate according to claim 1, further comprising 
at least one resistance having approximately the same impedance as a 

characteristic impedance of said dummy wiring, and being electrically connected to an 
end or central part of said dummy wiring. 

6. The multilayered wiring substrate according to claim 1, further comprising 
at least one terminal for connecting a terminating resistance connected 

electrically to an end or central part of said dummy wiring. 
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ABSTRACT OF THE DISCLOSURE 

Each wiring layer of a multilayered wiring substrate (100) comprises signal 
wirings (31a to 3 In) disposed in parallel with one another, and dummy wirings (31Da, 
5 31Dn) disposed at each side of the signal wiring group (31) made by signal wirings (31b 
to 31m), respectively. The dummy wirings (31Da, 31Dn) have the same shape as the 
signal wirings (31a to 31n), and are disposed in parallel to the signal wirings (31b to 
31m) at the same intervals as that in the signal wirings (31a to 31n). Through holes 
(40ab to 40mn) are formed in the respective clearances among the signal wirings (31a to 

10 31n). Dummy through holes (40Da, 40Dn) having the same shape as the through holes 
(40ab to 40mn) are formed between the dummy wiring (31Da, 31Dn) and signal wiring 
(31a, 31n). A conductive layer is formed on the inner wall of the through holes (40ab to 
40mn, 40Da, 40Dn). With the multilayered wiring substrate (100), it is able to reduce or 
eliminate the delay time difference between signals that propagate along the signal 

15 wirings. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 
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the specification of which 
E is attached hereto. 

□ was filed on 
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PCT International Application Number 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1 .56. 
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1 hereby claim foreign priority under Title 35, United States Code, 
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or inventor's certificate, or Section 365(a) of any PCT International 
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checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
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I hereby claim the benefit under Title 35, United States Code, Section 
120 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 112, 1 acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

mu : isfFfr^ra. tmm) 
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I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon, 
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